Abstract: Discovery of the oldest rice fields at the Tianluoshan site in east China has provided data of recovering reclaimation, cultivation, and the ecological system of rice fields between 7000BP and 4500 BP.
In the Early Holocene epoch, the prologue of cultivation and domestication of rice in China was opened in two core areas the middle Yangtze basin and the Yangtze delta ( ) 1 . In the Yangtze delta located, an over-7000-year-old process of cultivation and domestication of rice and a long history of utilization of rice has been demonstrated by morphological research of the short rachillas and spikelets.
( ) ( ) 2 3 . Recent archaeological research indicates that the initial rice cultivation within this area is even earlier, dating back to at least 10000 years ago ( ) ( ) 4 5 , much earlier than the appearance of fully domesticated rice ( ) 6 .
Rice cultivation is a human activity that exerts some selective pressure on the growth and development of rice in specific areas in order to obtain a more stable food supply than the gathering of wild plants. It includes tilling soil, sowing, fertilizing, irrigating, etc. To understand the origins of rice cultivation, not only archaeological remains of rice but also knowledge of culture and ecology in the Neolithic age is important ( ) 7 . Excavation and research on archaeological evidence of rice cultivation can provide better insight into technology, area, yield and environment of rice cultivation. Also it can be used for estimating the advancements of both cultivation and domestication, being fundamental issues in the study of the origins of rice cultivation.
In the Yangtze delta, small paddy fields with irrigating ditches and wells of 6000 years ago have been found, They were initial modifications of the natural topography ( ) ( ) 8 9 . Older ones have not been found and excavated, † Corresponding author: Zheng Yunfei, zhengwh@hzcnc.com although it was inferred that rice paddies with fire and flood management had appeared based on analyzing pollens, diatoms, and charcoal in the occupation area of the Kuahuqiao site ( ) 10 . Recently our recovery of prehistoric rice fields around the wooden pile-dwelling features of the Tianluoshan site has been able to sufficiently answer some preliminary questions of rice cultivation system between 7000 and 4500 BP.
The Tianluoshan site ( ) 11 is located at the edge of the Ningshao plain in the Yangtze Delta, and 30-40 km from the east coastline. It is near the piedmont of the Siming Mountain (Figure1). Presently the land is approximately 2 meters above the sea level. A lot of artifacts recovered from this site include stone, wooden, and bone tools, and pottery. A large number of upright wooden piles indicate that the dwellings were adaptive to wetlands. Due to the good preservation of an anaerobic condition, massive amount of organic remains are recovered, including animal bones such as buffalo, deer, pig, fish etc. as well as seeds and fruit such as rice, acorn, axillary southern wild jujube, peach, plum, water caltrop, fox nut, etc. A substantial number of rice spikelets and short rachillas are morphologically different from wild rice and some spikelets can be characterized as domesticated rice. This is evidence of a mixed economy comprised of hunting-gathering and rice cultivation.
The rice fields associated with the Tianluoshan occupation lie about 1m below the surface and can be clearly distinguished between early and later periods ( Figure 2 ). The early rice fields were dated between 7000BP and 6500BP and are the oldest rice fields known. They are 1000 years earlier than the rice fields revealed at the Caoxieshan site There are many plant remains including rice remains such as roots, stems, leaves, seeds and microfossils in the strata of rice fields. A few pottery fragments and wooden tools demonstrate that people activities were frequent here in prehistory. High densities of rice spikelets fragments, phytoliths derived from the bulliform cells of rice, and a large number of Gramineae pollens bigger than 38 ȝm in diameter likely derived from rice, indicate that rice grew here ( ) 15 ( Figure 3 ). So this can be referred as the fields for rice production. The morphological observation of rice short rachillas and spikelets suggests that the rice is different from wild rice.
The short rachillas of domesticated type accounts for 47.1% in the early period and 59.4% in the later period, while wild type accounts for 52.9% in the early period and 40.6% in the later period. This indicates the selection pressure for domesticated forms and that they still have some characteristics of wild rice. It therefore would be recognized that these not only were places of rice production, but also must be ones of planting rice. Through the investigation of stratigraphy, phytoliths and seeds from an area of 14.4 hectares, two rice field strata were found around the occupation. The area of rice fields could have covered 6 hectares for the early period and over 7 hectares for the later period (Figure 4 ).
Within the investigated area of 350 sq. meters, a 40cm wide path that made it convenient for people to go into the field and manage the rice stands is revealed for the later period. However, no evidence of an irrigation system that is supposed to consist of ditches, field ridges, and bund for sophisticated controls of drainage and irrigation is found. Thus these rice fields are different from those recovered from the Caoxieshan site dated 6000 BP.
( ) 16 ( ) 17 . We suggest that the irrigation of them could have been dependant on rain water and stored water in the marsh. The Yangtze Delta is located in a subtropical monsoon climatic zone. Spring is moist and has some rain. In summer, this region is hot and humid due to the control by warm tropical air currents and typhoons. In autumn it is cool and relatively dry. Winter is cold and moist. The seasonal rainfall responsible for annual flooding might satisfy the need of irrigation of rice growth. The markedly abundant micro-charcoals in the deposits of rice fields compared to other strata imply that firing could be applied to rice cultivation. Two wooden dibbles and one wooden handle of spades were found from both of the two rice fields, suggesting that the technique of tilling soil by wooden and bone tools was developed ( 18 . Generally, the seed bank and species number in paddy fields reclaimed from wetland would decrease. High seed banking and species diversity shows that little or even no weeding was applied to the management of the rice fields dating 7000-4500 BP. There are not only a large number of rice phytoliths but also reed phytoliths in two strata of rice fields. This implies that the rice fields could have been altered from reed-marsh and reed probably intruded into the fields and grew with rice.
Climatic amelioration at the end of the Pleistocene markedly altered the ecology in China and led to changes in human adaptations ( ) ( ) 19 20 .The Yangtze Delta witnessed a period of high sea-level around 7000-6000 BP ( ) 21 .During the regression interval, seawater regressed and large areas of land were exposed and left behind a number of lakes. As salinity in soil had fallen, a freshwater environment appeared. Flourished wetland plants dominated the edge of water area and there are also mammals, waterfowl, and freshwater fish. The excavation of occupation provided data for reconstructing resource exploitation. People migrated and settled here 7000 years ago. In addition to planting rice, they lived on gathering wild fruits growing on highlands, such as acorns, peaches, and plums, and nuts in lakes, such as water caltrop, fox nut, and lotus. They hunted buffalo, deer, and birds and harvested carp, snakehead, crucian, and terrapin in lake.
The studies of rice fields permit reconstruction of the rice cultivation system between 7000 BP and 4500BP. High densities of reed phytoliths and the body remains indicated that people opened up wetlands for rice fields, where there were dense grasses mainly comprising reeds. The abundant charcoal implies that fire was possibly used to prepare the fields. Before spring rain, the soil was tilled to a certain extent with wooden and bone spades and seeding was done with dibble sticks after the withered weeds were removed and the ground was cleared by firing. Sprouted rice grew well in wetlands filled by the monsoonal rain while the wetland weeds flourished as well. In the autumn, as the rain decreased, water accumulated in wetland lowered and people harvested mature rice by picking the base of the inflorescences. The wooden knife proved that the harvest sometime was with the help of some tools.
The cultivation system was a form of low-level food production. According to the relationship between rice phytoliths and spikelets There are not only many chips, short rachillas of rice spikelets, but dense phytoliths derived from motor cells of rice, high percentile gramineous pollens larger than 38ȝm in the stratigraphical layers, indicated that they have some relationships to rice cultivation. They also contained a large number of charcoals, implied that people were ever frequently engaged in the economic activity there. Table showed densities of phytoliths derived from some grasses in possible ancient rice fields stratums of 37 coring places. The densities of rice phytoliths of E3N3, E5S12, E7S16, E9S10 places were unconventionally high, and when the coring were carried out, a lot of wooden remains were also found from those areas as well, so there might be many stacking straws of rice in the ancient dwellings . The means were calculated except for above 4 places. interval. Every sample was about 1500ml. .
Materials and Methods
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Analysis of seeds: 500ml sample of soil was moved to 1000ml beaker, and added 500ml 5% NaHCO 3 .
The sample was placed in 50 water bath for 3 hours, while the sample was stirred well to separate soil particles. Through a sieve (Ɏ450ȝm), the sample was washed until the water is clear. The remained sample was investigated for plant seeds with a stereo microscope.
Analysis of phytoliths:
Soil samples were dried in convection oven at 100 and then were mechanically crashed. 1g sample of soil and 300,000 glass beads (Ɏ40ȝm) were moved to 12ml sample bottle.10 ml of water and 1ml of 5 % sodium silicate were added, and the sample vibrated in an ultrasonic cleaner (38Khz, 250 W) for about 20 minutes to separate particles. Using Stoker's method, the sample was filtered in water, to remove particles less than 20 ȝm in water, and was dried again. Using EUKITT® mounting medium, the filtered sample was distributed uniformly on microscope slide to facilitate the investigation of densities of phytoliths.
Analysis of pollens:
Placed about 2cm 3 of sample and 27,637 Lycopodium makers in 15ml polypropylene boiling tube, and added 10ml of 10%KOH. The sample was placed in 100 water bath for 30 minutes, while the sample was stirred well to break any remaining lumps. Through a sieve (Ɏ160ȝm), the sample was filtered into a polypropylene centrifuge tube. The samples was washed, centrifuged, and decanted until the liquid is clear. Added 10ml of 40% HF to the sample and placed it in 100 water bath for 30-60 minutes, while stirred it well with polypropylene rod to determine when siliceous material is no longer present. Centrifuged and decanted HF. Added 10ml of 10%HCL, and placed the sample in 100 water both for 15 minutes to remove colloidal silicon dioxide and silicofluorides. Centrifuged and decanted to rinse the sample in water. Added 10ml of acetolysis mixture (1ml concentrated H 2 SO 4 , 9ml acetic anhydride) to the sample, and putted it in a boiling water bath for 3 minutes, stirring carefully. Centrifuged and decanted to rinse the sample in water. In the last centrifuge, added a few drops 10% NaOH to be easy to dyeing. Using glycerin jelly, the filtered sample was distributed uniformly on microscope slide for investigations of pollens.
Analysis of charcoal: 20ml sample of soil was moved to 100ml beaker, and added 20ml 35% H 2 O 2 to separate soil particulars. Through a sieve (Ɏ160ȝm), the sample was washed until the water is clear. The remained sample was investigated for charcoals with a stereo microscope.
